As a tropical country, Indonesia possesses abundant natural resources including a variety of plants. One of these interesting plants is durian (Durio zibethinus), which produces a large amount of biomass waste. High durian consumption results in a significant amount of peel waste. Similar to other biomass waste, durian peel contains cellulose, hemicellulose, and lignin, which are the main components that form liquid smoke. Durian peel pyrolysis is one method that can be used to produce liquid smoke, which can be used as a natural preservative, latex coagulant, and biopesticide. This research aimed to characterize liquid smoke generated from durian peel waste at moderate temperatures using the slow pyrolysis method. The batch reactor that was used has a 5 kg capacity and was run at temperatures of 300 o C, 340 o C, and 380 o C. The chemical compounds contained in the liquid smoke were tested quantitatively using gas chromatography-mass spectrometry (GC-MS). The acetic acid and phenol were tested, qualitatively, using high performance liquid chromatography (HPLC). GC-MS results showed that more than 15 chemical compounds were detected in the liquid smoke, including phenolic acid, carbonyl, carboxylate, furan, and acid compounds, among others. The pyrolysis temperature greatly influences the resulting liquid smoke components, especially the composition of phenol and acetate. The highest phenol content (2%) was found in the liquid smoke that resulted from pyrolysis at 300 o C; while the highest acetic acid content (8%) was found in the liquid smoke that resulted from pyrolysis at 380 o C.
INTRODUCTION
Indonesia is a country with abundant resources, one of which is durian. The Province of Aceh is rich in durian, producing approximately 17,620 tonnes annually, which represents approximately 10% of the national durian production in Indonesia 1 . This high production results in waste and has an environmental impact. The increase in durian production is parallel to the volume of the resulting waste. Without proper handling, this might lead to air pollution, diseases, and a decrease in the cleanliness of cities, among other concerns. Durian peel waste is not usually handled well: people simply throw it away in their neighborhoods without any treatment until it is burnt or decomposes. Durian peel biomass contains a high level of cellulose (50-60%) and a low level of lignin and starch (5% each) 2 . The high level of cellulose in durian peel has the potential to be used as raw materials for producing liquid smoke. The resulting liquid smoke can be used as a natural preservative for food, such as fish, tofu, and noodles [3] [4] [5] [6] [7] [8] . It can also be used as latex coagulants and as a biopesticide to reduce termites' impact on wood. Previous studies have investigated the characteristics of liquid smoke from various biomass waste materials, such as palm kernel oil, sugar cane, and coconut shells [9] [10] [11] ; however, only a few studies have examined the characteristics of liquid smoke produced at various temperatures. The knowledge about the effect of the pyrolysis temperature on the resulting liquid smoke is significant because temperature differences can result in different chemical compositions. In addition, if the pyrolysis temperature is too high and uncontrolled (above 400 o C) it will result in carcinogenic components, such as benzopyrones. This research aimed to characterize the various chemical compounds contained in liquid smoke obtained from durian peel pyrolysis at moderate temperatures using the slow pyrolysis method.
EXPERIMENTAL
The present study used the same methodology reported in the previous research 5, 12 . The liquid smoke was produced in a 5 kg capacity, stainless steel pyrolysis reactor. The durian peel samples were taken from several sellers in Banda Aceh, and then weighed to identify their fresh weight. The waste was then dried in the sun for one day. As raw materials, 3 kg of the dry outer and inner peel was placed into the reactor, and then the samples underwent pyrolysis at 300 o C, 340 o C, and 380 o C. The resulting smoke was condensed to produce grade 3 liquid smoke, tar, and charcoal. The liquid smoke was analyzed using gas chromatography-mass spectrometry (GCMS-QP2010, SHIMADZU) and high-performance liquid chromatography (HPLC, HITACHI L-4200H).
RESULTS AND DISCUSSION
Composition Analysis of Liquid Smoke from Durian Peel using GC-MS GC-MS was used to analyze the composition within the liquid smoke obtained from each of the different pyrolysis temperatures since temperature plays a significant role in the resulting composition. In turn, this composition becomes one of the parameters that determine the quality of liquid smoke. The composition usually consists of phenol, carboxylate acid, furan, lactone, and alcohol. These compounds come from the decomposition of cellulose, hemicellulose, lignin, and other wood components. According to Yang et al. 13 , lignin is difficult to decompose at a low temperature, and it takes a long time to complete the process. Hemicellulose is easy to decompose at temperatures ranging from Table 1 , the liquid smoke from pyrolysis at 300 o C primarily produced acetic acid (36.37%) and, to a lesser degree, 2-butanone, 3-hydroxy-(CAS) acetoin, piperidine, 1-methyl-(CAS) nmethylpiperidine, and 2-propyl-2-pentenal (more than 5% each). A few other compounds were also present in small amounts. As seen in Table 2 , the chemical compounds in liquid smoke from pyrolysis at 340 o C primarily produced acetic acid (52.7%) and, to a lesser degree, 2-furanmethanol (CAS) furfuryl alcohol, carbamic acid, phenyl ester (CAS) phenyl carbamate and carbamic acid, and phenyl ester (CAS) phenyl carbamate (more than 5% each). The rest of the compounds were derivative compounds. As seen in Table 3 , the chemical compounds in liquid smoke from pyrolysis at 380 o C produced acetic acid (37.59%), as well as 2-oxepanone (CAS) caprolactone, and phenol (more than 5% each). Only a small amount of other compounds were detected. Changes in the percentage of acetic acid production (36.37% at 300 o C, 52.7% at 340 o C, and 37.59% at 380 o C) could possibly be due to the fact that pyrolysis that leads to the degradation of cellulose and hemicellulose to form acetic acid occurs at 240-350 o C. At 300 o C, cellulose and hemicellulose have not yet completely decomposed, while at 380 o C these compounds fully decompose. At 340 o C, the large amount of acetic acid is possibly due to the complete decomposition of cellulose and hemicellulose. Tables-1, 2 and 3 show that there were differences in the resulting chemical compounds (acetic acid, phenol, furan, and others) because of the pyrolysis temperature at which lignin, cellulose, and hemicellulose decompose. The subsequent testing showed that, after distillation (to purify liquid smoke to grade 1), the acetic acid percentage increased. This was probably because some of the compounds with high boiling points were not vaporized. The cellulose and hemicellulose in durian peel will form acetic acid and its derivatives during pyrolysis. The analysis results showed that polycyclic aromatic hydrocarbons (PAHs) and benzopyrene were not found in the liquid smoke, probably because the pyrolysis temperature was lower than 400 o C. According to Stolyhwo and Sikorski 16 , pyrolysis conducted at 300-400 o C can result in a 10-fold decrease in the content of PAH.
CHARACTERISTICS OF LIQUID SMOKE M. Faisal et al. 
Analysis of the Phenol and Acetic Acid Content
In the present study, phenol was identified as the second largest compound contained in liquid smoke. It plays a significant role in providing flavor and taste, and it also has antimicrobial properties. Phenol results from the thermal degradation of lignin and cellulose by aliphatic compounds 17 . Acetic acid has antibacterial properties; in a low pH environment, it causes enzyme denaturation and unstable permeability in bacterial cells, thereby hindering bacterial growth. The antimicrobial properties of acetic acid are dependent on its concentration, its pH, the environment, the contact temperature, and the bacteria species or strain. In addition, acetic acid also determines the taste, flavor, and shelf life of a smoke product. Table-4 shows the content of phenol and acetic acid that was determined using HPLC. The phenol content in liquid smoke produced from durian peel was analyzed using HPLC. The decrease in phenol content was possibly due to the fact that it was further decomposed into other compounds at 340 o C and 380 o C. The amount and quality of phenol depend on the amount of lignin in the raw materials found that liquid smoke from commercial coconut shells contained 6.72% acetic acid. 
CONCLUSION
The GC-MS analysis of the liquid smoke from the pyrolysis of durian peel at 300 o C, 340 o C, and 380 o C showed that the acetic acid content was 4.19%, 3.40%, and 8.51% respectively. The highest phenol content (2.08%) was found at 300 o C. The presence of phenol and acetic acid means that liquid smoke from durian peel has the potential to be used as a natural food preservative and a biopesticide.
